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ABSTRACT

Objectives: Previous studies that have assessed the risk of developing epilepsy have failed to
account for the competing risk of death, significant in the elderly where epilepsy incidence
is highest. We report the lifetime risk for epilepsy, accounting for the competing risk of
mortality.

Methods: Lifetime risk and cumulative incidence of epilepsy were examined among Rochester,
MN, residents between 1960 and 1979. Age-, gender-, and calendar year–specific deaths
were obtained for Rochester, MN. Lifetime risk was calculated as the conditional probability
of developing epilepsy by a specific age for a person reaching that age who had not yet
developed epilepsy. Lifetime risk and cumulative incidence were compared for age and time
period.

Results: We identified 412 individuals with incident epilepsy diagnosed between January 1,
1960, and December 31, 1979. Lifetime risk was 1.6% to age 50 and 3.0% to age 80; cumula-
tive incidence was 1.7% to age 50 and 3.4% to age 80. Similar differences were seen across
epilepsy etiologies. Lifetime risk through 87 years of age increased over time from 3.5% in
1960–1969 to 4.2% in 1970–1979.

Conclusions: One in 26 people will develop epilepsy during their lifetime. Lifetime risk provides an
estimate of an individual’s risk for epilepsy over his or her remaining lifetime, translates into the
number of people who are expected to develop epilepsy, and assists health care planners as they
estimate service needs for epilepsy. Neurology® 2011;76:23–27

GLOSSARY
LR � lifetime risk.

Epilepsy is the fourth most common neurologic disorder with an average annual incidence of
about 55 per 100,000 population in the United States1 and in Europe. The incidence curve is
j-shaped with high incidence rates in infants under 1 year of age (100/100,000), falling by age
20, and remaining low (20/100,000) until age 60, when it begins a dramatic climb, reaching
175/100,000 by age 80.

The long-term risk for developing epilepsy is measured as the lifetime risk (LR), which is the
probability that a person will develop epilepsy over his or her remaining lifetime.2 Because it
considers the impact of the competing risk of dying, the LR is important for diseases like
epilepsy, where the incidence increases dramatically in older ages. Useful to clinicians, it de-
scribes the risk of developing epilepsy in individuals from their current age through their
remaining lifetime. LR is also useful for public health planning purposes because it forecasts the
burden of epilepsy in the community.

LR has been measured for other diseases with high incidence in the elderly, including stroke
and Alzheimer disease,3 but LR for epilepsy has not been assessed. This is relevant because the
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incidence of epilepsy increases dramatically
beginning at age 60 years and the elderly are
the fastest growing segment of the general
population in developed countries. We
present estimates of the LR for epilepsy in a
population-based study from Rochester, MN,
during the period 1960 through 1979.

METHODS Previous studies in Rochester, MN, have as-
sessed the incidence of seizure disorders from 1935 to 1984.1

Our case group is restricted to the subjects who developed
epilepsy between 1960 and 1979. Epilepsy was defined as 2 or
more unprovoked seizures and unprovoked seizures as a sei-
zure without an identified proximate precipitant. Incident ep-
ilepsy was ascertained through the records-linkage system of
the Rochester Epidemiologic Project, which links all medical
records from medical facilities in Southeastern Minnesota
and includes inpatient, outpatient, emergency room, doctor’s
private office, and home visits. We reviewed the medical
records of all residents with a diagnosis of seizure, convulsion,
epilepsy, or conditions known to be related to seizures.

Factors measured. The age at epilepsy diagnosis was used in
calculating cumulative incidence and LR. Separate analysis
considered epilepsy diagnosis at age �60 years, using 5-year
age groups. Epilepsy etiology was categorized as progressive
symptomatic, remote symptomatic, or idiopathic/cryptoge-
nic.4 Deaths in the general population of Rochester, MN,
were obtained by age, gender, and calendar year5-8 to
calculate LR.

The study was approved by the IRB at Columbia University.
Data were collected by chart abstraction and consent was not
obtained from subjects.

Statistical analysis. We defined Rj as the total population at
risk at any given age j.

Cumulative incidence. We let ej equal the total number of
cases in the study period at each age j. hj estimates the hazard,
which is the probability that a person of age j will develop epi-
lepsy in the next instant of time.9 We calculated hj by dividing
ej/Rj. The survival probability (Sj) at each age j was calculated,
using the following:

Sj � exp��1 � ��hj��

where j � 1, …, 97.
For example, to determine the cumulative hazard until

age 5, hj was summated from the age of 0 until 5 with the
negative result of the summation exponentiated (note: Sj � 1
when j � 0). Next, the hazard (hj) was multiplied by the
survival probability at age j � 1 (fj � hj[Sj�1]), representing
the age-specific incidence at age j. Finally, cumulative inci-
dence was calculated as the summation of the age-specific
incidences from age 0 to age j (Fj � �fj).

The cumulative incidence of epilepsy does not reflect the
competing risk of death prominent in the elderly where epi-
lepsy incidence is most increased. Instead, deaths are consid-
ered to be equivalent to withdrawals with the same assumed
but unassessed future risk of epilepsy as subjects who are cen-
sored alive.

Remaining lifetime risk. Unlike cumulative incidence, the
LR adjusts for the competing risk of death by considering deaths
and incident epilepsy as events. That is, people who die are con-

sidered to have zero risk for developing epilepsy. To calculate
LR, the variable hj* represented the adjusted hazard, computed
as the deaths plus cases (ej*) divided by Rj (hj* � ej*/Rj). The
adjusted hazard was used to calculate the adjusted survival prob-
ability, Uj* (Uj* � exp[�1* �(hj*)]). The variable fj* was
calculated by multiplying the original hazard (hj) by Uj*�1, the
age-specific incidence adjusted for the competing risk of death
(fj* � hj[Uj*�1]). This permitted calculation of LR, a summa-
tion of the age-specific incidences from age 0 to age j adjusted for
the competing risk of death (Fj* � �fj*).

RESULTS Incident epilepsy was diagnosed in 412
individuals between January 1, 1960, and Decem-
ber 31, 1979; 60.2% had partial seizures. Median
age was 25.9 years with 26.9% �60 years at diag-
nosis and 49.3% were female. The number of cases
increased between 1960 and 1969 and 1970 –
1979, representing a trajectory of growth and
aging of the population. There were 465,698
person-years of exposure in 1960 –1969 and
556,316 in 1970 –1979 with a total of 3,885
deaths, 1,737 in 1960 –1969, and 2,148 in 1970 –
1979. In 1970, life expectancy was 69.4 years for
men and 76.8 years for women in Minnesota.10

Cumulative incidence and lifetime risk for epilepsy.
The cumulative incidence was 0.9% to age 20,
1.7% to age 50, and 3.4% to age 80 (figure 1A).
The LR was 0.9% to age 20, 1.6% to age 50, and
3.0% to age 80. The curves begin to noticeably
diverge at age 70 years when mortality begins to
increase, demonstrating that cumulative incidence
overestimates LR when the competing risk of mor-
tality becomes large. Relative to LR, cumulative
incidence was 6.6% higher at age 70 –74 and
17.8% higher at age 80 – 84. These trends were
observed for men and for women (figure 1, B and
C) and by epilepsy etiology, with the greatest dif-
ference observed for progressive symptomatic epi-
lepsy where incidence increases most dramatically
in the elderly (table e-1 and figures e-1, e-2,
and e-3 on the Neurology® Web site at www.
neurology.org).

Remaining lifetime risk by age. Remaining LR sets
the risk at 0 for the beginning age or age group,
whereas LR considers the risk from age 0 onward. To
highlight the impact of increasing mortality on dif-
ferences between cumulative incidence and remain-
ing LR for epilepsy, we examined these measures in
the elderly overall and by gender by 5-year age
groups (table 1). With increasing mortality from age
70–74 years onward, remaining LR becomes lower
than cumulative incidence.

We also examined the remaining LR over a 40-
year period, beginning at different ages (table 2).
For a 20-year-old without epilepsy, the LR for ep-
ilepsy is 0.23% over the next 5 years, 0.6%
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over the next 10 years, and 1.06% over the next 40

years or until age 60 years. In contrast, for a 50-

year-old without epilepsy, the LR for epilepsy is

0.15% over the next 5 years, 0.71% over the next

20 years, and 2.58% over the next 40 years or until

age 90 years.

Time trends in the lifetime risk. The LR of epilepsy
was 3.5% through 97 years of age during 1960 –
1969 vs 4.2% during 1970 –1979.

Number developing epilepsy. Applying age- and
gender-specific LR estimates to the July 2007 US
population (301,139,947) 11,744,457 individuals
(3.9%) will ultimately develop epilepsy in their
lifetime.

DISCUSSION Based upon the LR calculations in
this population-based study, 1 in 26 people will
develop epilepsy during their lifetime. Men have a
higher risk of developing epilepsy (1 of every 21
males) than women (1 of every 28 females). This
approach is more accurate than cumulative inci-
dence, and it is better comprehended by most peo-
ple who are accustomed to similar statistics
provided for cancer.

Cumulative incidence has been used in etio-
logic studies of epilepsy and for public health pur-
poses to determine health care needs of a
population. It is useful in children, because mor-
tality is low, and in etiologic studies. However,
cumulative incidence may overestimate the risk for
developing diseases with high incidence in the el-
derly where significant mortality represents a com-
peting risk. This is because the cumulative
incidence assumes that individuals who die before
they can be observed to have the disease are as-
sumed to have developed the disease at the same
rate as those who survive.11 In contrast, LR adjusts
for the competing risk of death by setting the risk
for disease after death at 0, and it provides a better
measure of the risk for developing epilepsy given
survival to a specific age, particularly in the elderly
where the risk of death due to other causes is
high.12

LR can be used for individual risk prediction with
the usual caveats because it is a measure based upon
population estimates3 and not upon factors related to
any one individual (e.g., familial life expectancy, risk
factors). Even with this limitation, LR is informative
about the number who will develop epilepsy, 1 in 26
people in the population, which may be easier to
communicate than the percentage of people who will
develop epilepsy by a given age.

The LR for epilepsy from Rochester, MN, is
likely similar to that for other developed countries
with comparable sociodemographics for the spe-
cific birth cohorts. However, our findings may not
be applicable to other populations with markedly
different death rates due to a low life expectancy,
such as developing countries. Additionally, our
findings will not be applicable to other popula-
tions that may have a greater incidence of epilepsy.

Figure 1 Cumulative incidence and lifetime risk for epilepsy overall and in
males and females

(A) Cumulative incidence and lifetime risk of epilepsy in males, 1960–1979. (B) Cumulative
incidence and lifetime risk of epilepsy in females, 1960–1979. (C) Cumulative incidence
and lifetime risk of epilepsy, 1960–1979.
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These limitations of the LR are small, however,
since the distribution of different etiologic groups
may also differ in different age groups with very
different expectations of life in these settings. The
LR for specific epilepsy etiologies may be greater
in populations where treatments of stroke, for ex-
ample, have markedly improved survival thereby
increasing the time period in which such individu-
als are at increased risk for developing epilepsy.

Our data are drawn from 1960 to 1979. This does
not compromise the validity of the comparison be-
tween cumulative incidence and LR. However, with
the increase in life expectancy, the LR of epilepsy
should be greater than what we report, particularly
for males. Between 1970 and 2005 in the United
States, life expectancy has risen from 67.1 years to
75.2 years for males and from 74.7 years to 80.4
years for females.13

Using the methodology described in this arti-
cle, LR has been assessed for other neurologic
disorders, including stroke,3 dementia,3 and Par-
kinson disease.14 In the elderly, the LR for epilepsy
is 0.31% for a 65- to 69-year-old and 1.6% to age
80 for a 50-year-old. In Framingham, MA, the LR
is 14.3% for first stroke to age 85 for a 55-year-
old and 4.0% for dementia to age 80 for a
65-year-old.

Our data suggest that almost 12 million individu-
als in the United States will develop epilepsy in their
lifetime. The impact of this calculation is greatest in

the elderly who have the highest incidence, an im-
portant concern given the aging population. Infor-
mation obtained from the LR has several important
uses. LR provides physicians with an estimate of an
individual’s risk for developing epilepsy over his or
her remaining lifetime, a risk estimate that readily
translates into numbers of people who are expected
to develop epilepsy, and it provides useful informa-
tion for health care planners estimating services
needed for epilepsy.
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AAN Publishes Parkinson Disease Quality Measures
The AAN has developed quality measures for the care of patients with Parkinson disease. Designed
to measure and improve the quality of care that is provided, these measures—the first developed
solely by the AAN—were published in the November 30, 2010, edition of Neurology®. The AAN
quality measures for Parkinson disease were developed with an emphasis on the nonmotor aspects of
PD such as depression, sleep, and falls that can be overlooked but have a great impact on quality of
life. Visit www.aan.com/view/measurementsets to learn more.

Career Moves Begin at Neurology Career Center
Job seekers: The AAN’s Neurology Career Center is a one-stop shop for qualified candidates
looking to make a career move in neurology. Search for opportunities in your state and area of
interest and create a profile that you can share with only those employers in whom you’re interested.

Advertising for a position in neurology? Reach more than 22,500 Academy members online, in
print, and at special career events.

Make your next career connection with the Neurology Career Center!

www.aan.com/careers

Say “Aloha” to More of What YOU Want in 2011
The 2011 Annual Meeting is bringing big changes to the Aloha State—changes you’ve asked for
and we’re excited to deliver.

. . .so say “aloha” to an Education Program customized to fit your individual learning style with
more choice and flexibility in programming and scheduling, and more of the Integrated Neuro-
science Sessions you love.

2011 AAN Annual Meeting, Hawaii Convention Center, Honolulu, April 9–April 16. Learn
more at www.aan.com/am. Early Registration Deadline: March 16, 2011.

Neurology 76 January 4, 2011 27


